Jouri Botanical wrenn Vol. 80(3); Olmstead el aJ., , 1993 Donoghue el aI., 1992; Canlino, 1992; Judd el aI., 1994) . These analyses have provided tremendous insigh ts toward our classificati on syste m and proceSll of classification, frequently drawing attention to families that ha"e been separated on the hasis of primarily woody \'ersus herbaceous taxa (Cantino, 1992; J udd et ai., 1(94) or trop ical versus temperate (Judd et ai., 1994) . More recently an investigation of the Lamiales sensu lato has indicated that the largest family in this order. Scrophulariaceae, is unlikely to be a monophy letic group (Olmstead et a\., , 1993 Olmstead & Reeves, 1995) . A thorough investigation of the Scrophulariaceae utilizing DNA sequences from both the rbeL and ndhF genes has indicated that the fam ily is comprised of at least two monophyletic groups wit h se"eral genera not ha\'ing any strict affinity to the Scrophulariaceae or other related fam ilies incl uded in the analysis (Olmstead & Reeves, 1995) . likewise, Olmstead and Reeves (1995) found that several families traditionally segregated fro m the Scrophulariaceae are best included as members of one of the two major lineages (e.g., Plantaginaceae).
Although mos t members of the Lamiales s.1. are temperate, there are some primarily trop ical groups (Gesneriaceae, Acanthaceae. Bignoniaceae). In order to beller assess whether the d ivision between these fami lies represen ts anot her artificial segregation based on distribu ti on (tropical vs. temperate) or woody versus herbaceous (e.g., Bignoniaceae vs. Gesneriaceae), a thorough investigation of the Gesneriaceae was deemed necessary to complement the investigations that have already demonstrated monophyly of Acanthaceae (Scotland et al., 19(5) and Bignoniaceae (R. Olmstead , pers. comm.) , but
have not sampled widely in the Gesneriaceae. 1 We lire indebted to the follo"'ing for sharing plant material: 1M 
Ilceae are herbaceous perennials. but call be 8n-nuals, almlh!!. li~, and trees. Many species (20%) are epiphytic, and the Gesllcriaceae rank among the lop lell plant families in lemls of ab!lOlute numbers of epiphytic taxa (Madison, 1977; Kreu. 1986) . Gh"en the diverse habits of the Gesne-riaceae, it is 1101 surprising thai there is a wide army of morphological variation within the family.
Corolla tuhes may be long and prominent as in Col- umll('(j L., or $hort as in Sainlpmditl Wend!' Lealle~ a re opposite in the majority of the family. but ani-.!!Ophylly, leading to an alternate arTangement wit h abscission of the smaller leaf. is common. Many of these morphologically diverse features of the Gesneriaceae are hypothesized as adaptations to the epiphytic habit (Ackennan. 1986) . TIle Gesneriaceae are a member of the Lamialelt s.l. and are di~tillguished from other families in the order by the combination of five-lobed corollas. parietal placentation, and presence of end03penn in most taxa (Cronq uist, 19B I) . Ilowever, because many of these characters vary wi thin .!!Ome members of the Gesneriaceae (including variation within individuals of .!!ODIe l!pecies). there has been considerable confusion regarding the placement of &ODIe genel"ll. For example. members with uile placentation can be cl8Sl!ified incorrectly with the Scrophulariaceae, and thO!le genera lacking endospenn potentially may be cl8Sl!ified with the Acanthaceae and Bignoniaceae.
TIlere ha\'e been relatively few cladistie analyses perfonned within the Gesneriaceae (Klliltt, 1990; Crisci et al., 1991; Boggan, 1991; Smith & Sytsma, 19943, b. c; Smith, 1996) , and only one (S mith, 1996) perfomu~d at the tribal lellel. A c ladistic analysis is desirable to help resoh'e relationships, to detennine if the family is monophyletic. and to impro\'e classification within the family by rearranging tri~ and s ubfamilies to reRect phylogenetic relationships.
Classifications of the Gesneriaceae traditionally recognize t ... ·o subfamilies (Gesnerioideae and Cyrtandroideae) (Bentham, 1876; Burtt, 1962 Burtt, , 1977 Frit.sch. 1893 Frit.sch. . 1894 ), but others have included an additional subfamily (Coronantheroideae: Wiehler, 1983: Epi.scioideae: h·anina. 1(65). The dh'iltioll of the family is largely bued on the unifonn (Gesnerioideae). or uneven (Cyrtandroideae) enlargement of the cotyledons after gennination (Burtt.
Smith el al.
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Tribal Relationships in Gesneriaceae 19(2). Another character that has been useful in separating the subfami lies is the presence (Gesnerioideae) or absence (Cyrtandroideae) of endospenll ill the seed. In addition. the Gesne rioideae have II neotropical distribulion and 1I10st spt..'Cie~ have inferior or semi-inferior ovariCII, whefflal! tile Cyr1 androideae are primarily paleotropical .... ith superior ollaries. However. the geographic dislribution and ol'ary position are not consistent wi thin the subfwllilies. Therefore. although the CYr1androilieae can be defined by a ,ynalK1morphic character (ulle\'en cotyledon development). the Gesnerioideae hare been characterized by a symplesiomorphic c11al'-acter COlllmon to dicotyledons in general.
TIle two subfamilies hal'e been (livide<1 further in to 9-17 tribes (Ilenthum, 1876; Burt t, 1962 Burt t, . 1977 Fritsch. 1893 Fritsch. , 1894 Ivani na. 1965; Wiehler, 1983 : Bur1t & WieMer. 1995 . The classification .schemea differ due to the characters emphal!ized. For example. Fritsch (1893, 1894) placed the CoIum.neae in the Cyrtandroideae based 011 their superior Ollary. Later. the Columneae ... ·ere mo\·ed to the Gesnerioideae due to the presence of unironn cotyledons (BUr1 t, 1962 (BUr1 t, . 1977 and combined into the Episcieae based 011 nodal anatomy (WieMer. 1983) . TIlis Imper presenu a cladistic allalysis of DNA sequences ill order that phylogenetic relati onships among taxa lI1ay be more clearly resolved, and a mOffl stable classification seheme proposed.
The gene ndhF is a chloroplast gene thai in tobacco encodes a protein of 740 amino acids presumed to be a subunit of an NAD H dehydrogenase (Sugiura, 1992) . The Ulle of ndhF &equellCcs for s)'stematic studies has pro\'ided a far greater number of characters to resol\'e relationships than studies using ,beL TIu: reasons for the increased nUI\1-ber of characters are that the gene is approximately 50% longer than rbeL (2 103 vs. 1431 bp ill tobacco [Wolfe. 199ID and has a nucleotide substitution rate that is approximately two timCII higher than ,beL based 011 comparisons of rice and tobacco (Sugiura. 1989) . In recellt studies us ing this gene in the Acanthaceae. Scotland et aI. (1995) found three timea the lIumber of c haracters compared to ,bel.., and Olmstead and S .... eere (1994) disco\'ered 60% more variable c haracters .... ith ru:IhF ill the SoJallaceae. Likewille. Clark et al. (1995) ha\'e found that ndhF sequences are informative for resolving re lationships within the Poaceae. and Olmstead and Ree\'es (1995) have resolved several cladea in a polyphyletic Scrophulariaceae. The larger number of variable c haraclers makes ndhF 8e<luences ideal for taxonomic groupe that ha\'e not been resoh·ed well using ,beL data, such as members of the As-' apwnthru rosIarlfflllU "'i",hl",.
I\~nn/hll.l macrostom" i.eeu"",,,nberg II'tgrio. ,itfllxURhamllaitks r Mu",lI. (;hag/ouu," nOlan",,,,.,.. (Smith et aI .• 1992) . Once amplification produc~ .",·ere obtained. the Jample was purified using PCR witard purification preps (Promega) according to the manufacturer's instructions. The purified DNA then was subjected to cyete sequencing using the Sih'er Sequence method (Promega). This sequencing method resulted in sequence8 thai could be read within sill: to eight houn after amplification was completed. The produc~ of one round of amplification pnwided suffICient material for completing the gene sequences described here. The ad"antage$ of the si!'"er staining procedure m"er radioactive methods are safety. minimal waste disposal. and speed. fications wi th in the family alld. whenever poI!!sible, to match genera used in the morphological analyei.s. In some installCee. a genus that had been used with the morphological anaiYllis (Smith. 1996) Will! noI readily available for the molflCular analysis. Therefore this molecular analYllis contains many taxa that ha.'e not been included in the morphological analysis. amI direct comparisons will be made wilh a reduced data set at a fut ure date. The species used in the analYlis. ,'oucher informatioll. and Genballk accession lIumbers are included in Tallie I . Genera ha.'e been selected to represent the moet re<:ent tribal c1auificatiol1ll with two to ten genera from each tribe (fables 2 and 3). III order to represent current classification systems along with earlier systems. 4B genera were aelecte<J (fables 2 and 3).
Ol'lCHOll' <;(u:cno~ Outgroups were selected to root the tree repre&enting tribal relationships within Gesneriaceae. The betl method for doing th ill is by outgroup comparison (Donoghue & Contino. 1984; Maddison et a1 .. 1984) . The IlI08I appropriate outgroup for the tribes of the Gesneriaceae l hould be the mOIl cI08ely related plant family or clade. The Gesneriaceae ha"e been placed in the order Lamialee 1.1.
in the subclass Mteridae (or equivalent groups of families) in numerous taxonomic treatments (Dahlgren. 1975; Thonle. 1976 Thonle. . 1983 Thonle. . 1992 Heywood. 1978; Takhtajan. 1980 : Cronquist. 1981 ). However. allows parallelisms and re\'ersals (homoplasy), and provides an option for missing data. In this analysis, trees were generated us ing the general heuristic option. saving minimal trees onl y. wilh the collapse zero-length branches. and ignore uninfomlalive characters options in effect. Because of the large number of taxa in this analysis, the branch and bound and exhaustil'e search options would hal'e consumed an excessil'e amount or lime. Therefore. the trees presented here are best approx imations and not exact solutions. 'Ole manner in which the program reconstructs phylogenetic sequenCft is sensiti\'e to the order of laxa presentation in Ihe data matrix, rrequently finding islands or equally parsimonious trees depending on the order (Mad- Pau.Jcu;nw as lhe outgroup. and with comtrainl$ opti()l1$, Branch support analysis wu I)Crfonned to examine trees that were s ix or fewer step!! longer than the moet-panlimonious tree (Dremer, 1988; Dono--ghue et al., 1992 : Breme r. 1994 . This type of analysis pro\'ides all indication of the rOOustncu of the data hy determining whic h clades persist in a COlIsensus tree as parsimony is relaxed. This a.nalysis was performed hy saving all t~ six steps longer than the ffi06t-parsimoniout lrees and lhen examining subsets of trees one to s ix stepe longer with the filter optioll of PAUP.
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1be nJhF' &equellCCS used here had several six to tweh'e ha&e pair insertions or deletions (indels) Ivonina, 1965 Frit:>e h, 1893-9-1 inferred from gaps in th e sequence alignments, whic h in previous anal yaes had been re-lJCored &8 hinary c harncterll and used &8 either an independent data set or combine(1 with the 8e(Iuelice data (Scotlan(1 et aI., 1995) . Tllese illdels were viewed II.lI having phylogenetic importance (Scotland et aI., 1995) ; therefore indels found in the Gee neriaceae were remo"ed and examined independently of sequence data for their phylogenetic utilit y, The monophyly of \< arious tribal relationshi ps fKlt obtained in the most-parllimonious trees was ex· amined hy using the C(1nstraints option of PAUP.
These included the Trichoa poreae, the Dillymocarpeae, the inclusion of Klugieae in Cyrtandroideae. and Sinningieae in Cloxinieae. AI80. since the analys is with all 16 oulgroup taxa reflulte<1 in the placement or Ntmo.ltInl}uJ.$ Schmder and Klugieae in dilJCre pant positiof18 rrom trad itional classifications. an anal)'sis with all 16 outgroupe constrained Ntmatanlhw to the Gee nerioideae, and the K1u· gieae from Ihe Gesllerioideae. The position of Klugieae and NenUJtanlhw WIUI also examined hy constructing a user-defined tree wit h a topology of one of the two mOl!I-~imonious trees except that Nt· matonthw ",' 88 placed in the Episcieae. and KIugieae W88 placed 88 s ister to the remainder of the Cesneriaceae. TIlis user-de fined tree Willi th en tile 56 starting tree for a !e8rch using TBR and mulpars .. ..
on. R ESULTS
Complete sequences for the ndh F' gene were obtained for 52 species of Gesncriaceae (Table 1) . Thc$e sequence;! were supplemented with 5cque nces from an additional 18 species (2 within Gesneriaceae and 16 from re lated famil ies) from Genbank ( Table I ) . TIle complete sequences resulted in 849 phylogencticall y infomlali \'c characters among all 70 species in the full analysis. A smaller analysis focused on only the Ges neriaceae species with PuuiQwnio. as the outgroup. Within this smaller analysis 690 nucleotide positiolls were found to be phylogenetically infonnative. Indels we re found al several positions in the Ges neriaceae from the sequences used in th is analysis. Two widespread in· sertions were a 12 bp insertion at pO!~ition 1440 and a 6 bp insertion at 1548. Other insert ions were autapomorphic for species or genera used in the analysis (unpublisbed results). No insertions were used in the analysis. Tile 6 bp insertion was symplesiomorphic for the Ges neriaceae. The 12 bp insertion was also symplesiomorphic for the Gesneriaceae; bowel'er, sequence di\'ergence withi n tb is insertion provides an additional 5ynapomorphy for the clade comprised of Coiumnea, Drynwnia Mart., and Allopkctw; Mart. (Fig. 4) , wile re a single base pair transition characterizes tilese three ge ne ra. Other base pair substitutions and insertions were found within this 12 bp insertion but, with the current le\'e! of sampling, we re autapomorph ic.
Cladistic analysis was penormed initially with all 70 taxa of the four familie5 (Ge5neriaceae, Scrophulariaceae, Acanthaceae, and Bignoniaceae) and all taxa in the three outgmup fami lies designated as the outgroup. Thi! analysis resulted in two trees of 5610 steps each (consistency index (el) = 0.30, retention index (RI) = 0.48), all of whic h indicated the Gesneriaceae were a monophyletic family and that the genus Pllulownia (Scrophulariaceae) was the closest outgroup (Figs. 1, 2) .
Subsequent analyses were penonned to minimize computer analysis time that utilized only the Gesneriaceae and Paulownia as a de5ignated outgroup. This reduced analysis re5ulted in a single mostparsimonious tree of 4613 sleps (e l = 0.27, RI = 0.38 ) (Figs. 3, 4) . Some taxa that have been thought to be monophyletic, or comprised tribe5, were examined using the constraints option of PAUP to determine the impact of the monophyletic grouping on Ihe remainder of the data and to determine the number of addi tional steps required to Annals of the Missouri Botanical Garden construct these trees. The analysis required four additional ste ps to create a monophyletic Trich05-poreae, five for a monophyletic Didymocarpeae, two to include the KIugieae in the Cyrtand roideae, and four to include the Sinningieae in the Gloxinieae. Constraining the analysis of all 70 taxa to place Klugieae as the s iste r to the Gesneriaceae and NematanthUJ within the Episcieae resulted in four trees 58 steps longe r than the most-parsimonious trees regardless of whether the constraint option of PAU P. or user defined trees were implemented.
DISCUSSION
The cladistic analysis of 54 species of Gesneriaceae with 16 species of Scrophulariaceae, Bignoniaceae, and Acanthaceae as outgroups resulted in a monophyletic Ges ne riaceae with the 5ingle genus Paulownio (Scrophulariaceae) ind icated as the closest outgroup (Figs. I, 2) . These results ve ri fied that the Gesneriaceae are distinct from othe r members of the Lamiales s.L and not an artificial unit based on their largely tropical distri bution and herbaceous habit as has been seen for some family pairs (Judd et al., 1994) . The full analysis is largely ill agreement with tile position of the taxa in tile reduced analY5is with the exception of the positions of N~mala nthus and the tribe KIugieae. The placement of Nematanthw; as the sister to the remainder of the famil y is very far removed from its troditiona! c1assificatioll within the Epi!OCieae (Fig. 1) . Likewise the Klugieae are placed unusually in the subfamily Gesneri oideae (Fig. 2) . The most likely explanation for the anomalous placement of these taxa is the high level of homoplasy between the Gesneriaceae and the outgroups. This is exemplified when 15 of the 16 outgroup species are removed from the analysis. In the red uced analysis botil Nematanthw; and Klugieae are in more expected positio1l5 regarding relationships to the remainde r of the family. An alternati ve explanation is that bec au~e of the size of tile data set, PA UP did not find the shortest tree a nd that a shorter tree with all 70 specie5 exi~t.s that place5 Nematanthw; and the Klugieae in their more expected relation5hips. This latter ex planation is unlikely 5ince 5earches COIlstraining these taxa to their more traditional positions, or a u5er-defined tree that placed them there, resulted in four trees tilat were 58 steps longer.
Tile reduced a nalysis resulted in a 5ingle mostparsimonious tree (Figs. 3, 4) . Three major monophyletic divisions within the fami ly correspon<1 to subfamilies Gesnerioideae and Cyrtandroideae (minus tribe Klu gieae) and tribe KIu gieae in a separate position as a potential third subfamily. Traditional 
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Mitraria Sarmienta Negri> Co Fieldia Asteranthera t'iguN! 4. Sillglt IIlOtt'p,aBirnonious tree 0( 46 13 ~epii (CI -0.29. RI -0.38) (rom Ihe "UlIY8i8 of the species in the GHneriaceae with only !'au/menu. desigllated as the outgroup. Displayed in this figure are the tribes of' the Gesnerioideae, Co--Coronanlhere8e. Be-Beslerieae. Na-Napeantheae. St-Sinnjngi~e. t;Ir-EI);scieae. ~ IM'rieae. aoo GI-Gloxinieae. The CYTlandroideae are displayed in figull': 3. Numbel'$ along bnloches are the synal)(Mllol1)hieti that $Up1'0.1 thO&e clades. Numbe .... in p.renlhe!1e8 indicate thot!.e aynapolTlOl'ph ie\l that are homoplasti<:: in thia tree. Nurnbel'$ below branc hes are decay values. 8nmches wilh no ,-aluf! indicated have a decay value of I. c1as~ificatioll schemes ha\'e place.i tribe Klugieae in the Cyrtandroideae (fable 3); ho .... ·e\·er. the illc1u~ion of tribe Klugieae wi lhi n subfamily Cyrtalldro ideae would result in a parnphyletic Cyrt androideae. TIle removal of this tribe to a third subfami ly would resu lt in a monophyletic Cyrtandroideae.l1le monophyletic groups within the s ubfamil y ~ner ioideae con-espond highly with tnu:litiona.1 classification systems for this subfamily (\'\:' iehler. 1983) a nd a previous cladistic analysil based on morpho10gicaJ data (Smi th. 1996) . TIle re lati onships wit hin the Cyrtalldroideae are leu congruent with previous taxonomic treatmenl.$, mainly due to the limited unde~tanding and sampling of the large. heterogeneous tribe Didymocarpeae (Burtt. 1962) ,
The separatioll of the Gesneriaceae illto t ..... o subfami lies (includillg Corollanthereae in the Gesnerioideae) hWl I>e<::ome ..... ell accepled during th e pas t 30 yellJ"!! s ince the disco\'ery of unequal cotyledon enlargement in the Cyrtandroideae (including me mbers of the tribe Kl ugieae) and e<lual cotyledon e nlargement in the Gesnerioideae (Burt t. 1962). Uowen:r, from a cladistic vie ..... ,)Oint the Cyrtandroideae are defined by a synapomorph y whereas th e Gesnerioideae are defined by a symplesiomorphy. One problem ..... ith this character is that it has not been examined thoroughly for all members of the differe nt subfamilies. including mally of Ihe taxa used ill this allaJ)·sil.
Although all analysis of morphological data Ihal included cotyledon expansion did not support the monophyly of Ihe Cyrtandroideae (Smith. 1996) . the cladistic analYlil of ndhF sequences pre!lenled here demonstrate! both a .... ·ell-IUII!)Orted monophyleti c Cyrtandroideae (Klugieae excluded) and Gesnerioideae (Figs. 3, 4) . The monophyly of Ihe Ge.-nerioideae is IU Pl)Orted in both a morphological analysis (Smith. 1996) and this molecular anal)'sil (Fig. 4) . The Cyrtandroideae were paraphy)etic in a cladistic analysis of morphological data (Smith, 1996) bul are well SUPl)Orted wil h ndhF sequencee (Klugieae excluded), although the IX'Sition of Titan- otri.chum Solereder lIS si!ter to the remainder of the Cyrtlllldroideae is supported with only 22 homoplllStic c haracter Slate changes (Fi&. 3).
The place me nt of Coronanthereae wi thin the Gesnerioideae il well supported wi th ndhF sequellCft (Fig. 4) WI it is with morphological data (Smith. 1996) . Thi. tribe doeB not belong in the subfamily Cyrtandroideae lIS had been propoaed earlier (Frit.ach. 189-1). Wiehler (1983) in his treatment of the neotropical Gnneriaceae suggettell a Smith et al. 61 Tribal Relationships in Gesnertaceae separ.tte subfalnilial status for Coronantllereae due to the lIumefOU.'j autapomorphic characters possessed by members of this group, such as fusion of the nectary to the o\'ary wall and high c hromosome numbers (Wiehler. 1983) . TIle morphological data ..... ould allow the Coronunthereae to be either a mOl)Ophyletic tribe within the Ge!nerioideae or a separate mOllophyletic subflllllily witllout disrupting the taxonomy of llIIy other group (Smith, 1996) . Ho ..... e\·er. based on the molecular data presented here. if the Coronanlliereae were raisetl to lIubfamily le\·el. it would either include the tribes Napeantheae and Beslerieae from the Ge!nerioitleae or lIece!Ssitale ele\'ating these t .... ·o tribes as all addi tional subfamily (Fig. 4) . Therefore it is recornrnended Ihal the Coronanthereae be treated as a tribe of the Ges nerioideae rather than a lIe!Jatate lIubfamily. Among the relationshi ps within the Gesnerioideae. the primary lack of congruence between this analysis and the most Teeellt classification scheme by Burtt and Wiehler (1995) ill the polyphyly of the Gloxinieae. Ho ..... e\·er, the removal of Sinningia Nees (including LietZUI Regel. bUI not including Paiim;ana Vandelli or l'anhoullta Lem.) has been proposed previously (t'ritsch. 1893. 189-1) as the tribe Sinnillgieae. TIle mOl)Ophyly of Pa/iaoona, wuia. and Sinningia has been proposed by Boggan (1991) . where alll hree genera .... ·ere proposed to be members of Sinningul as th e result of a morphologicall y based cladistic anal ys is of Sinningia species and se\'era! related genera. The&e resull!! ..... ere not supported wilh a morphology-based c1a-di!tic al1alysis (Smith. 1996) , most likely due to limited lamplillg among these taxa (Sinningin sensu stricto was represenled only by Sinningia sect.
CorytM/orna and l'llnhoullea was not included).
The resuilll presented here indicate thai Sinningia (i ncluding the recently combined LUuia). Paliaoona, and lfnnhowtto lhould be remo\'e<1 from Gloxinieae and placed in a separate monophyletic tribe Sinningieae. Although Sinningia is paraphyletic ill this analysis (Fig. 4) . limited sampling from this large genus leads only to a tentati\'e conclusion that both Pnliaoona and Vanhoutleo should be combined into Sinnillgiu to create a monophyletic genull.
The liste r relationship of the Be!!lerieae and Napeantheae has been hinted at based on the o\'erlap of sel'era! dillplO8tic characters bet .... ·een these tribes (Skog. 1995; Sk0f5 & de Jesus, 1996) . Ho ..... -ever. the sister relationship of these Iwo tribes to the COTQnanlliereae (Fig. 4) has nOi been proposed previou,ly. Although the morphological da ta did not indicate sister group status. the data did indicate a close affini ty among these th ree tribes (Smith, 1996) .
Among the recent classification schemes proposed for the Gellnerioideae, Burtt and Wiehler's (1995) is the closest approxinl8tion to the results obtained in this study. The subdi"isiotl of Wiehler's (1983) Gloxinieae inlo the Bellonieae, Kohlerieae. Reehsleinerieae, and Solenophoreae «(vanina.
1965) ( Table 2) is not supported by Ihis cladistic a na lyeis. Likewise separalillg Wiehler's (1983) Glox inieae into Bellonieae, Kohlerieae. and Solenophoreae (Table 2 ; Fritsch, 1893, \894) is not supported except for the remo\·a1 of the Sinningieae (Fig. 4) . which would also necessaril y include Palia~>ana and Vtmhouttea (included in Fritsch's Kohlerieae; Table 2 ). The placement of Napeanthw G.
Gardner in the Klugieae (Cyrtandroideae) (fable 2) 8!j proposed by Fritsch (1893, 1894) is inappropriate. Burtt's (1962 Burtt's ( . 1977 classification syslem for the Cyrt8nd roideae is closer in agreement to this cladistic analysis thnll previous classificalion schemes (Ivanilla. 1965 : Fritsch. 1893 , 1894 . Uowever, the mOllophyly of Ihe largest tribe, the Oidymocarpeae. is nol 8Upported by this anal ysis (Fig. 3) . Likewise none of the 8ubtribes created by i vanina (1965 ( ) or Fritsch (1893 ( , 1894 are supported as monophyletic groups (Fig. 3 . Table 3 ). The Trich08poreae are not ~upported as a monophyletic clade (Fig. 3) . AJthough this lribe was weU supported in the morphological analysis (Smith, 19(6) , four additional steps beyond the most-parsimoniou~ tree are required 10 make this clade monophyletic with ndhF data.
CYRTANDHQIDEAE
The position of 7itaMtrichum has been problematic. allhough this genus has consistentl y remained in the Gesneriaceae (Burtt. 1962 (Burtt. . 1977 Wang et aI .• 1992; Burtt & Wiehler. 1995) . Tuonotrichum is a member of Ihe Cyrtandroideae based on these data. and perhaps may be vie¥l·ed besl as a monoIypic lri be (Titanotricheae: Wang et aI., 1992) , sisler to the remainder of the subfamily. Ilowever, the position of 1iwMtrichum as the sister to the remainder of the Cyrtandroideae is only weakly supported with 22 homoplas tic character state changes, and the Tesolulion of il$ placement i.e l08t in the stric t consensus of all lrees only one step longer than the m06t-panimonious tree. Therefore, it is likely that 1itoMlrichum, or the lineage leading to Annals of the Missouri Botanical Garden this species. dh·erged early in the el·olulion of the family. TIle placemenl of TitOMtrichum wilhin the Gesneriaceae i8 discussed elsewhere (Smith et al.. 1997) .
The Didymocarpeae are a large heterogeneous tribe that includes the majority of genera in Ihe Cyrtandroideae (Burtt. 1962 (Burtt. , 1977 Wang et al.. 1992) . In this analysis it is a paraphyletic assemblage that includes Ihe Cyrtandreae alld Trich08-poreae (Figs. I, 3) . Because of the large size of the Didymocarpeae, and the limited !!HIl1pling of Ihe tribe in this analysis. no conclusions regarding its monophyly, or potelltial dil'ision into othe r tribe!!. are recommended al this time. Further morphological im'estigations in this tribe are under way (B. L Burtt and A. Weber. peTS. comm.) , and a cladisti c analysis thai focuse8 on Ihis group will be val u- Jack (Skog. 1984) . The possibility thai Sointpoulia is derived from within SlreptocarpUJ, as indicaled by rulhF sequence8 a nd chromosome numbers. currently is being im·esti-gated with greate r sampling.
The Trichospareae traditionally hSl'e been viewed as a monophyletic tribe defined by the presence of seed appendages not present elsewhere within the fami ly (Burtt, 1962 (Burtt, , 1977 Wang et aI., 1992) . 8a&ed on morphological data, the Trichoeporeae were one of the m03t strongly supported tribes in a morphology-based cladistic analysis (Smith, 1996) . Ho .... ·ever, it is apparen t from this ana1ysis of ndhF' sequenCefJ that the selection of c haracters that define the Trich08poreae ill inappropriate (e.g., seed appendages are common in the closely relattxl Bignoniaceae). Ahernatil'ely, it is possible that inadequate sampling from the Trichosporeae or the large tri be Didymocarpeae may be causing the separate placement of the three genera sanlpled fro m the Trichosporeae. This latter hypothesis is unlikely, because one of the more strongly supported clades in the analysis placed Ly. sWTWlus (frich08poreae) with Jlemi~a (Didymocarpeae) and away from the other genera of the Tric hosporeae (Fig. 3) .
KLUCIEAE
The Kl ugieae are monophyletic and are the sister group to the remainder of the Geslleriaceae (Fig.  3) . The placement of this tribe in the Gesnerioideae (Fig. 2) in th e full data analysis llIost likely ill due to homoplasy or the result of an incomplete search for the II hortest tree. The monophyly and sister group status of this tribe also was supported with a cladisti c anal)'sis of morphological data (Smi th, 1996) . TIle Klugieae posses. numerous autapo1lI0rphic characters relative to other Gesneriaceae such as nalTOw medullary rays, and verrucate edges of the cells of the seed coat (Smith, 1996) . The placement of CyrtandrotMM 1.011. in the KJugieae of the Cyrtandroideae Wlli! proposed previously by Ivanina (1965) , although other in vestigations ind icated that this genus should be excluded from the Gesneriaceae 01' 1 the basis of Aoral anatomy (Burtt, 1965; Singh & Jain, 1978) . The placement of C)7-fantUorrwM in the Gesneriaceae is discussed else· where (Smith et al .. 1997) .
E\Oll .. 'TI0N or !'ION-MOLECULAR CIIARACTER STATES CIIRO \lOSOME NlMBERS Se"eral c hromOflOme countl are synapomorphic and non-homoplastic based on thil cladisti c anal· Ylis. Large numbers of chromosomes (n = 30+) are unique to the Cororulllthereae and would sen'e 118 an additional c haracter to separate this tribe from the remainder of the family (Skog, 1984) . A chromOflOme base number, oX, of 14 characterizes the Ge8nerieae (Wiehler. 1983; Skog. 1984) . The cia· distic analysis of morphological data WIIA unable to separate the Gesnerieae from the tribe Cloxinieae although it represen ted a monophyletic group with· in it (Smith, 19(6) . The inclusion of chromOliOOle numben (whic h ..... ere excluded due the large num· bel' of character states) might ha\'e removed ~.
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Tribal Relationships in Gesneriaceae nerieae from Cloxinieae Ili! seen here with sequence data.
MOilt Cloxinieae sampled here (excluding Sohnophor(J Bcnth., Niph(letl Lindl., and AchimeMJ Pers.) have x = J 3 (Wie hler. 1983; Skog. 1984) .
In addition, the members of the Sinningieae that have been examined also ha\'e x "" 13 (Skog. 1984) . This si milarity in chromOflOme hast! number, along with other character states, has led previous researchers 10 include the members of the Sinnin· gieae within the Cloxinieae (Wiehler, 1983) . How· e"er, based on the analysis presented here. the Sin· ningieae are best vie .... ·ed as a tribe separated from the GJoxinieae, and x = 13 is homopla!tic.
Other homoplastic chromOflOrne numbers are x "" II (Niphac(1 and AchimeneJ), lind x = 9 (Allopiec. 11U. Drymoni(l, Columnt(I, and some DitiYrllocarpw species). Although most of these homoplastic counts sen 'e little phylogenetic utility, the count of x = 9 serves to charocteri:re a portion of the Ep.
iscieae. Most members of the Episcieae have x = 9, but taxa with x = 8 (Codonalllhe (Mart.) lIanst. alld Nenu"(llllhw) may represent another clade (Fig. 4) . Further sampling within the Episcieae may re\'eal if this clade (Fig. 4) continues to be supported or is the result of sampling in this analysis.
Other chromosome counts in the Cyrtandroideae are highly variable even within genera, and no pattern emerges from the counts of the speciefJ that ha\'e been included ill the anal)"sis. with the ex· ception of the SlreptocarpwlSailllpawia counLs dis· cussed abO\·e.
NODAL ANATOMY
Another useful character for the Gesne.riaceae is nodal anatomy (Wiehler, 1983) . UnfOr1una telyonly the subfamily Gesnerioideae hll8 been sallipled thoroughly for this chamcter, and the lack of data for the CYr1androideae n~sitated the exclusion of this character from the morphological analysis (Smith, 1996) . 1I0we\'er, if nodal anatomy is mappei:1 onto the trees fmm this molecular al1alysis, this c haracter can provide useful phylogenetic in· fonnation. The tribe Episcieae (Fig. 4) is defined by a three-trace trilacunar node that is unique among the ~nerioideae. although this c haracter state is known from the Cyrtandroideae. TIle unique presence of this c haracte r &late within the Gesner· ioideae adds furt her support to the monophyly of the Episcieae. The three-trace trilacunar node may be sympleAiomorphic for the Cyrtandroideae, as all taxa .... ;th available data for this chamcte r (Saini . paulia, S,rf'ptoc(Jrpw, and Cyrtandra Forster & For· ster) POS&CS8 a three·tnlce trilacunar node except Ae.schyn(lnlhlJ.l, which has a one-trace I.rilacunar node common 10 the Cesnerioideae.
PU.CF.J~'TA
The place nta in the Gesneriaceae is either intac t or di\'ided to the base (lv8nin8, 19(5) . This charac ter was included in a cladistic analrsis of morphological data and served as It character state that brought the Episcieae. Beslerieae, and Napeantheae together in a single c lade (Smith. 1996) as the only taxa sampled that had divided placentae. Although this c ha racter slate is consistent with the relationship between the Napenntheae and Beslerieae, the c haracter slale is homoplastic bet .... een the Epi~ieae and Napeantheae/Beslerieae based on the data pre~lIted here (Fig. 4) .
S'n::M MQOIf1CATION
Several members of the Gesneriaceae possess modifications of the stems (rhizomes and tubers). presumably as adaptations to periodic dry seasons (Wiehler. 1983) . TIle presence of scaly rhizomes is found al most exclusively. and is widespread. within the Gloxinieae (Wiehler. 1983) . Among the laxa sampled here. the presence of scaly rhizomes serves as a synapolllorphy for the tribe Gloxinieae. although they are not known from the woody genus Solerwplwra. Scaly rhizomes also are known from the Cyrtandroideae. including TIlarw,richum (KIlO & DeVol. 1972 : Wllng et a l .. 1992 .
Tubers are widespread among species of Sinningill including Lieuia, which has recently been combined into Sinningill (Wiehler & Chautems. 1995 The Gesnerioideae are almos t exciusil·eJy nootropical, but with the illclusion of the Coronanthereae within this subfamily the Gesnerioideae now encompass se"eral Australian and South Pacific island species.
